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kinesia Becoming Dyskinesia After Exercise
esting: Prevalence and Relationship to Clinical Outcome
raham S. Hillis, MBCHB, PHD, Jae K. Oh, MD, FACC, Douglas W. Mahoney, MS,
obert B. McCully, MBCHB, FACC, Patricia A. Pellikka, MD, FACC
ochester, Minnesota
OBJECTIVES The aim of this study was to determine the prevalence and prognostic implications of
dyskinesia developing after exercise.
BACKGROUND The prevalence and prognostic implications of new-onset dyskinesia with exercise testing
have not been previously described.
METHODS We considered 1,005 consecutive patients who underwent exercise echocardiography and had
akinetic segments at rest. Patients were divided according to the presence or absence of
exercise-induced dyskinesia. Baseline clinical and echocardiographic parameters were com-
pared, and patients were followed up for a median of 2.7 years.
RESULTS One hundred four (10%) patients developed dyskinesia after exercise. Compared to patients
with segments that remained akinetic, these patients were more likely to have electrocardio-
graphic (ECG) evidence of prior myocardial infarction and, during exercise, had a less
pronounced rise in systolic blood pressure and more often had ECG evidence of ischemia.
Their resting left ventricular (LV) ejection fraction was worse and improved little after
exercise. However, all-cause mortality and the incidence of major adverse cardiac events were
similar in the two groups, even after correction for age, gender, and resting LV function
(hazard ratio for major adverse cardiac events  1.36, 95% confidence interval [CI] 0.82 to
2.26, p  0.23; hazard ratio for total mortality  1.20, 95% CI 0.75 to 1.94, p  0.45).
CONCLUSIONS One in 10 patients with akinetic myocardium at rest will develop dyskinesia after exercise.
This is associated with poorer LV function at rest and little improvement in systolic function
after exercise. However, this response has no impact on prognosis. (J Am Coll Cardiol
2004;43:599–605) © 2004 by the American College of Cardiology Foundations
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dxercise echocardiography is a widely used and well-
alidated technique with which to determine the prognosis
f patients with known or suspected coronary artery disease.
everal echocardiographic parameters are recognized as
redicting an adverse outcome. These include reduced
esting left ventricular (LV) ejection fraction, worsening LV
jection fraction with exercise, the response of the LV
nd-systolic volume (LVESV) to exercise, the presence and
xtent of any regional wall motion abnormality (WMA) at
est, and the development of a new or worsening WMA
fter exercise (1–6). This latter category incorporates the
ppearance of dyskinesia in an area of myocardium that
xhibited hypokinesis or normal wall motion at rest and is
onsidered to represent a severe ischemic response (1–6).
owever, very little is known regarding the prevalence and
rognostic implications of the occurrence of dyskinesia in an
rea that was akinetic at rest. Indeed, there are very few data
egarding this response in any field of cardiac imaging.
Development of dyskinesia in previously akinetic seg-
ents has been observed in approximately one in five
atients undergoing dobutamine stress echocardiography
DSE), albeit in a small and selected cohort (7). In this
From the Division of Cardiovascular Diseases and Internal Medicine, Mayo Clinic
nd Mayo Foundation, Rochester, Minnesota. Dr. Hillis is supported by an
nternational Fellowship grant from the British Heart Foundation.
Manuscript received May 20, 2003; revised manuscript received August 1, 2003,
cccepted August 25, 2003.etting, the development of dyskinesia in segments that are
kinetic at rest appears to represent a mechanical phenom-
non, related to the increased motion of adjacent tissue. It
uggests that the affected segments are non-perfused, in-
arcted, and unlikely to recover after revascularization (7–9).
The prevalence and clinical implications of new-onset dys-
inesia during exercise echocardiography may differ from those
eported during DSE. First, the presence of a biphasic response
whereby akinetic but viable hypoperfused myocardium may
xhibit improved contraction initially but then become worse)
ay be appreciated during DSE, but is unlikely to be identified
uring exercise echocardiography. Second, the hemodynamic
ffects of exercise differ from those observed during DSE.
xercise stress is associated with a more marked increase in
ystolic blood pressure (BP) and a much higher rate-pressure
roduct than DSE (10). This induces a greater ischemic
urden that, in patients with severe coronary artery disease, is
eflected in more striking electrocardiographic changes, wors-
ning of the wall motion score index (WMSI), a decline in
jection fraction, and abnormal volumetric responses to stress
10,11). Thus, the prevalence and significance of stress-
nduced dyskinesia may differ for exercise and dobutamine.
he aims of this study were, therefore, to determine the
revalence and prognostic implications of exercise-induced
yskinesis in a large cohort of consecutive patients undergoing
linically indicated stress testing.
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atients. The study was approved by the Mayo Foundation
nstitutional Review Board. From January 1990 to Decem-
er 1995, 6,444 patients had an exercise echocardiogram
erformed at the Mayo Clinic, Rochester, Minnesota, for
he evaluation of known or suspected coronary heart disease.
wo hundred fifty-six patients (4%) had inadequate echo-
ardiographic images and 121 (2%) did not wish to partic-
pate in research. Follow-up data were obtained for 5,806
96%) of the remaining 6,067 patients. Of these, 2,971
51%) had normal wall motion at rest and after exercise, 570
10%) had only hypokinesia at rest that did not worsen after
xercise, and 1,260 (22%) had normal wall motion or
ypokinesis at rest, with worsening of wall motion in at least
ne segment after exercise. The remaining 1,005 patients,
ho had akinesia in at least one myocardial segment at rest,
ormed the study cohort.
Two hundred ninety-two of the cohort of 1,005 patients
ith resting akinesia (29%) underwent cardiac catheteriza-
ion within six months (before or after) of the index exercise
chocardiogram. Of these, 265 (91%) had a stenosis of
50% in at least one major epicardial coronary artery.
dditionally, 841 of the cohort (84%) were identified as
aving coronary artery disease at the time of their exercise
chocardiogram. This was established on the basis of
revious angiographic findings, a history of prior myocardial
nfarction (MI), electrocardiographic (ECG) evidence of
rior MI (the presence of pathological Q waves), or a
istory of revascularization.
xercise echocardiography. All patients underwent
ymptom-limited treadmill exercise testing, according to the
ruce protocol in 801 patients (80%), the Naughton pro-
ocol in 116 (11%), or the modified Bruce protocol in 88
9%). Two-dimensional echocardiographic images were ob-
ained from standard parasternal and apical windows before
nd immediately after exercise (12).
Both videotape-recorded and quad-screen digitized im-
ges were used for the interpretation of studies (13). Left
entricular ejection fraction at rest was measured either by
sing the modified method of Quinones and colleagues or
y using visual estimation, and it was measured after
xercise by visual estimation (3,14). Regional wall motion
Abbreviations and Acronyms
BP  blood pressure
DSE  dobutamine stress echocardiography
ECG  electrocardiogram/electrocardiographic/
electrocardiography
HR  hazard ratio
LV  left ventricle/ventricular
LVESV  left ventricular end-systolic volume
MI  myocardial infarction
WMA  wall motion abnormality
WMSI  wall motion score indexas assessed before and after exercise by an experiencedchocardiographer according to a 16-segment model and a
ve-point grading system (1  normal, 2  hypokinesia, 3
akinesia, 4  dyskinesia, and 5  aneurysm) (15,16).
yskinesia was defined as the absence of systolic thickening
ith systolic outward bulging away from the center of the
V cavity (8,9). The WMSI was determined at rest and
eak exercise as the sum of the segmental scores divided by
he number of visualized segments. The change in LVESV
rom rest to exercise was determined by visual estimation,
sing a side-by-side comparison of rest and exercise digi-
ized images, and was recorded as normal (decreased
VESV) or abnormal (no change or increase) (17). The
evels of intra- and inter-observer agreement regarding the
isually assessed ejection fraction and categorization of the
VESV response to exercise in this patient population have
een previously reported (3).
tudy groups. Patients were divided into two groups.
roup A included patients who had akinesia at rest but
eveloped dyskinesia after exercise in at least one cardiac
egment (n  104). Group B included patients who had
kinesia at rest and after exercise in at least one myocardial
egment but who did not develop dyskinesia after exercise (n
901). Patients who had normokinetic or hypokinetic
egments that became dyskinetic after exercise were also
dentified (Group C). The clinical and echocardiographic
eatures of this group were compared with Group A.
ollow-up. Follow-up was obtained by mailed question-
aires and scripted telephone interviews. All events were
erified by reviewing medical records and death certificates and
y contacting the patients’ physician where necessary (3–5).
tatistical analysis. Categorical variables are expressed as
bsolute values and percentages and compared using the
hi-square test. Continuous variables are reported as the
ean value  SD and compared using the Wilcoxon
ank-sum test. The primary study end point was the
ccurrence of a major adverse cardiac event (cardiac death,
ncluding sudden death without other explanation, and
on-fatal MI). Patients who had coronary revascularization
efore other events were censored at the time of the
rocedure. A secondary end point of all-cause mortality was
lso evaluated and, in this analysis, no censoring was
erformed. Event-free survival was determined by the
aplan-Meier method. The influence of akinesia becoming
yskinesia on outcome after correction for age, gender, and
esting LV function was assessed using a Cox proportional-
azards model and expressed as the hazard ratio (HR) with
5% confidence intervals (CI). Logistic regression analyses
ere performed to identify univariable predictors of out-
ome. Significant univariable predictors (p  0.05) were
hen entered into a stepwise forward regression model to
etermine independent prognostic factors. In addition, it
as prospectively determined that the development of
yskinesia during exercise would be entered into this model
egardless of its power as a univariable predictor.
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tudy group. The clinical and exercise echocardiographic
eatures of patients with resting akinesia who did and did not
evelop dyskinesia with exercise echocardiography are shown
n Tables 1 and 2, respectively. The two groups were very
imilar in terms of cardiovascular risk factors and exercise
apacity. However, patients who had akinetic segments that
ecame dyskinetic after exercise were more likely to have a
istory or ECG evidence of prior MI, had less increase in BP
ith exercise, and exhibited more ischemic changes on their
xercise ECG. In addition, their resting LV systolic function
as reflected by the number of akinetic segments at rest,
MSI, and ejection fraction) was slightly worse. These
ifferences became more marked after exercise.
revalence of new onset dyskinesia during exercise
chocardiography. The number of segments that were
kinetic at rest ranged from one to 15 per patient (mean 3.6
Table 1. Clinical Features of Patients With Ak
(Group B) Develop Dyskinesia With Exercise
Male
Age
Diabetes mellitus
Hypertension
Current or former smoker
Family history of premature coronary heart disease
Hypercholesterolemia
History of myocardial infarction
Time from myocardial infarction to echocardiogram
Prior coronary revascularization
Normal electrocardiogram at rest
Beta-blocker therapy
Table 2. Exercise Echocardiographic Features
(Group A) and Did Not (Group B) Develop D
Resting systolic blood pressure (mm Hg)
Resting diastolic blood pressure (mm Hg)
Resting heart rate (beats/min)
Exercise systolic blood pressure (mm Hg)
Exercise heart rate (beats/min)
Change in systolic blood pressure with exercise (mm
Change in heart rate with exercise (beats/min)
Pathologic Q waves on resting ECG
ECG evidence of ischemia during exercise
Anginal chest pain during or after exercise
Achieved 85% maximum predicted heart rate
Metabolic equivalents achieved
Resting LV ejection fraction
Exercise LV ejection fraction
Number of akinetic segments at rest
Resting wall motion score index
Remote ischemia*
Wall motion score index with exercise
Abnormal LVESV response to exercise
*New or worsening wall motion abnormalities in segments o
ECG electrocardiogram/electrocardiographic; LV  left vent2.5), and was higher in the 104 (10%) patients who
eveloped dyskinesia with exercise echocardiography than
n the 901 in which akinesia persisted (4.4  2.6 vs. 3.6 
.4, p  0.0004). Sixty-six (63%) of these 104 subjects
eveloped dyskinesia in one myocardial segment and 38
37%) in more than one segment. On average, 47% of
egments that were akinetic at rest became dyskinetic after
xercise in this group (range 8% to 100%). The distribution
f segments that were akinetic at rest and became dyskinetic
fter exercise (n  165) is shown in Figure 1.
Of the 901 patients who had akinesia at rest and did not
evelop dyskinesia after exercise, 143 (16%) showed im-
rovement in at least one akinetic segment. The mean
umber of akinetic segments exhibiting improvement was 2
1.2 per patient (range, 1 to 6 segments).
utcome. During a median follow-up of 2.7 years (mean
.9  1.9, range 1 day to 8.1 years), there were 116 major
ia at Rest Who Did (Group A) and Did Not
cardiography
Group A
(n  104)
Group B
(n  901) p Value
84 (81%) 721 (80%) 0.86
66.0  10.2 66.2  10.1 0.69
16 (15%) 133 (15%) 0.87
46 (44%) 457 (51%) 0.21
70 (67%) 588 (65%) 0.70
43 (41%) 347 (39%) 0.58
64 (62%) 495 (55%) 0.20
76 (73%) 575 (64%) 0.06
6.7  7.1 5.7  6.5 0.31
61 (59%) 449 (50%) 0.09
13 (13%) 117 (13%) 0.89
37 (36%) 324 (36%) 1.00
tients With Akinesia at Rest Who Did
nesia With Exercise Echocardiography
Group A
(n  104)
Group B
(n  901) p Value
136  23 135  20 0.86
80  13 82  13 0.29
73  15 74  14 0.72
166  33 169  31 0.22
130  26 134  23 0.14
30  27 35  27 0.04
57  21 61  22 0.10
68 (65%) 485 (54%) 0.02
39 (38%) 211 (23%) 0.002
18 (17%) 115 (13%) 0.20
55 (53%) 524 (58%) 0.30
7.4  3.0 7.7  2.8 0.35
43.9  11.2% 46.5  11.3% 0.01
45.2  14.0% 50.6  14.2% 0.0001
4.4  2.6 3.6  2.4 0.0004
1.8  0.4 1.7  0.4 0.003
64 (62%) 466 (52%) 0.06
2.1  0.4 1.8  0.4 0.0001
65 (63%) 352 (36%) 0.0001
han those which were akinetic at rest.ines
Echo
(yrs)of Pa
yski
Hg)
ther t
ricular; LVESV  left ventricular end-systolic volume.
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Dyskinesia After Exercise February 18, 2004:599–605dverse cardiac events (62 cardiac deaths and 54 non-fatal
Is). One hundred fifty-five patients underwent coronary
evascularization during follow-up, 91 within the first
onth after the exercise echocardiogram and 64 more than
month later. Seventeen (10 early, 7 late) of these proce-
ures were performed in patients in Group A (16.3%) and
38 (81 early, 57 late) in patients in Group B (15.3%).
rognostic impact of akinesia becoming dyskinesia dur-
ng exercise echocardiography. Patients who developed
yskinesia after exercise tended to have a higher event rate
hroughout follow-up, but this did not attain statistical
ignificance (Fig. 2). Similarly, when the secondary end
oint of total mortality was considered, no significant
ifferences were apparent (Fig. 3).
After correction for age, gender, and resting LV function,
atients who developed dyskinesia had an outcome similar
o those whose myocardium remained akinetic (HR for
ajor adverse cardiac events  1.36, 95% CI 0.82 to 2.26,
 0.23; HR for total mortality  1.20, 95% CI 0.75 to
.94, p  0.45, respectively).
igure 2. Major adverse cardiac event (cardiac death and non-fatal acute
yocardial infarction) rate in patients with akinetic myocardium at rest
ho did and did not develop dyskinesia with exercise echocardiography (p
igure 1. Distribution of segments that were akinetic at rest and became
yskinetic after exercise. Number refers to the total number of segments in
his distribution exhibiting this response (total  165).e0.12).nivariable and multivariable predictors of outcome.
he univariable and multivariable predictors of major ad-
erse cardiac events and all-cause mortality for patients with
kinesia at rest are shown in Tables 3 and 4, respectively. In
multivariable model, the independent predictors of major
dverse cardiac events were diabetes mellitus and an abnor-
al end systolic volume response to exercise. In a second
ultivariable model, all-cause mortality was inversely and
ndependently related to the number of metabolic equiva-
ents achieved and the exercise ejection fraction. The occur-
ence of dyskinesia during exercise had no univariable (HR
or major adverse cardiac events 1.49, 95% CI 0.90 to 2.46,
 0.12; HR for all-cause mortality 1.31, 95% CI 0.81 to
.10, p  0.27) or multivariable (HR for major adverse
ardiac events 1.19, 95% CI 0.67 to 1.87, p  0.67; HR for
ll-cause mortality 1.05, 95% CI 0.65 to 1.70, p  0.84)
rognostic value.
he prevalence and prognostic significance of exercise-
nduced dyskinesia in areas of resting normokinesia and
ypokinesia. Fifty-two patients (out of 4,801 subjects; 1%)
eveloped dyskinesia after exercise in myocardium that was
ormokinetic or hypokinetic at rest. This occurred in a total
f 71 segments (32 normal at rest, 39 hypokinetic at rest).
our of these subjects also developed dyskinesia in an area of
yocardium that was akinetic at rest (and were included in
roup A) and 14 had akinetic myocardium both at rest and
fter exercise (and were included in Group B). Compared
ith patients who had akinetic myocardium at rest that
ecame dyskinetic after exercise (Group A), the 34 remain-
ng patients (who developed dyskinesia in normal or hypo-
inetic myocardium and did not have akinesia at rest, Group
) were less likely to have a history or ECG evidence of
rior MI (Table 5). They had better LV systolic function
nd were more likely to experience angina during or after
xercise. In this small group, there was only one cardiac
vent, a non-fatal MI, which occurred five years after the
ndex echocardiogram (p  0.045 vs. major adverse cardiac
igure 3. All-cause mortality in patients with akinetic myocardium at rest
ho did and did not develop dyskinesia with exercise echocardiography (p
0.27).vent rate in patients with akinesia becoming dyskinesia).
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he current study demonstrates that 1 in 10 patients with
kinesia at rest will develop dyskinesia after exercise. The
evelopment of dyskinesia in previously akinetic myocar-
ium is associated with a less marked BP increase with
xercise, more frequent ischemic changes on the exercise
CG, poorer LV function at rest, and little improvement in
ystolic function after exercise. However, although the
ppearance of dyskinesia after exercise is associated with
ther features that generally confer an adverse prognosis, we
ound no evidence that it foretells a worse outcome.
Previous studies have shown that development of ischemia
ith exercise echocardiography identifies patients who are risk
f cardiac events (1–6). Conventionally, such studies have
haracterized any worsening of wall motion with exercise as an
schemic response (1–6,10,16). However, the finding that
atients with exercise-induced dyskinesis had an outcome
Table 3. Predictors of Cardiac Death and Non
Univariable predictors
Abnormal LVESV response to exercise
Exercise LV ejection fraction
Exercise wall motion score index
Resting LV ejection fraction
Metabolic equivalents achieved
Number of akinetic segments at rest
Diabetes mellitus
Resting wall motion score index
Change in systolic blood pressure with exercise
Normal resting ECG
Pathological Q waves on resting ECG
Multivariable predictors
Diabetes mellitus
Abnormal LVESV response to exercise
CI  confidence intervals, ECG  electrocardiogram/electr
end-systolic volume.
Table 4. Predictors of All-Cause Mortality
C
Univariable predictors
Metabolic equivalents achieved
Exercise LV ejection fraction
Resting LV ejection fraction
Abnormal LVESV response to exercise
Age
Exercise wall motion score index
Diabetes mellitus
Change in systolic BP with exercise
Resting wall motion score index
Number of akinetic segments at rest
Systolic BP at peak exercise
Diastolic BP at rest
Multivariable predictors
Metabolic equivalents achieved
Exercise LV ejection fractionBP  blood pressure. Other abbreviations as in Table 3.imilar to that of patients with persistent akinesis suggests that
t represents a mechanical phenomenon, rather than a marker
f ischemia. Thus, the observed paradoxic outward motion in
ystole is secondary to tethering of necrotic and fibrosed
yocardium and increased motion of surrounding viable tis-
ue. In contrast, the development of dyskinesia after exercise in
yocardium that exhibited normal contraction or hypokinesia
t rest may well be an ischemic response. Certainly, these
atients are more likely to experience angina during or after
xercise. They also have better LV systolic function and a more
avorable prognosis.
tudy limitations. The results of exercise echocardiogra-
hy were used in the management of patients and, in
articular, may have influenced decisions regarding coronary
evascularization. For this reason, such procedures were not
sed as end points in the study and were regarded as
ensoring events in the primary analysis. This may, how-
ver, have influenced the prognostic value of the exercise
al Acute Myocardial Infarction.
hi-Square
Hazard Ratio
(95% CI) p Value
30.6 2.94 (2.00–4.35)  0.0001
29.5 0.97 (0.96–0.98)  0.0001
18.0 2.37 (1.59–3.52)  0.0001
14.4 0.97 (0.96–0.99) 0.0001
13.1 0.88 (0.82–0.94) 0.0003
12.7 1.13 (1.06–1.20) 0.0004
11.5 2.09 (1.37–3.21) 0.0007
10.8 2.04 (1.33–3.12) 0.001
6.4 0.99 (0.99–1.00) 0.01
5.1 0.44 (0.21–0.89) 0.02
4.6 1.52 (1.04–2.22) 0.03
9.4 1.95 (1.27–2.99) 0.002
27.8 2.81 (1.91–4.12) 0.0001
ographic; LV  left ventricular; LVESV  left ventricular
quare
Hazard Ratio
(95% CI) p Value
.0 0.82 (0.77–0.87)  0.0001
.0 0.97 (0.96–0.98)  0.0001
.4 0.97 (0.96–0.98)  0.0001
.5 2.08 (1.47–2.94)  0.0001
.8 1.04 (1.02–1.06)  0.0001
.9 1.94 (1.33–2.82) 0.0006
.7 1.75 (1.18–2.60) 0.005
.4 0.99 (0.99–1.00) 0.006
.6 1.70 (1.14–2.55) 0.01
.0 1.08 (1.02–1.16) 0.01
.2 0.99 (0.99–1.00) 0.02
.1 0.99 (0.97–1.00) 0.04
.1 0.84 (0.79–0.90) 0.0001
.6 0.97 (0.96–0.99) 0.001-Fat
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Dyskinesia After Exercise February 18, 2004:599–605chocardiogram. Nevertheless, the number of patients un-
ergoing coronary revascularization was relatively small (and
imilar in both groups), to some extent minimizing this
ffect. Conversely, the limited number of revascularized
atients, and the absence of systematic follow-up echocar-
iograms, precludes any evaluation of functional recovery in
egments that exhibited exercise-induced dyskinesia.
onclusion. In this cohort of 1,005 patients with akinetic
yocardium at rest, 10% developed dyskinesia in at least
ne segment after exercise. This pattern was associated with
orse resting LV systolic function and less improvement of
jection fraction after exercise. Despite this the pattern had
ittle impact on long-term outcome.
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Table 5. Clinical and Echocardiographic Featu
Developed Dyskinesia Following Exercise (Gro
in Normal or Hypokinetic Myocardium and D
Male
Age
Diabetes mellitus
Hypertension
Current or former smoker
Family history of premature coronary heart disease
Hypercholesterolemia
History of myocardial infarction
Prior coronary revascularization
Normal electrocardiogram at rest
Resting systolic BP (mm Hg)
Resting diastolic BP (mm Hg)
Exercise systolic BP (mm Hg)
Change in systolic BP with exercise (mm Hg)
Pathological Q waves on resting ECG
ECG evidence of ischemia during or after exercise
Anginal chest pain during or after exercise
Achieved 85% maximum predicted heart rate
Metabolic equivalents achieved
Resting LV ejection fraction
Exercise LV ejection fraction
Resting wall motion score index
Wall motion score index with exercise
Abnormal LVESV response to exercise
Abbreviations as in Table 3.EFERENCES
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